Abstract: Development projects on interventions to reduce postharvest losses (PHL) are often implemented largely independently of the specific context and without sufficient adaptation to the needs of people who are supposed to use them. An approach is needed for the design and implementation of specific, locally owned interventions in development projects. Our approach is based on Participatory Development and includes Living Lab and World Cafés. We applied the approach in a case study on reducing PHL in tomato value chains in Nigeria. The approach consists of nine steps. After scoping the sector, selected value chain stakeholders (case: farmers, transporters, traders, retailers) were gathered in Living Lab workshops. In the workshop, participants analyzed the product, information, and monetary flows in their own value chain, identified causes for PHL, and selected potential interventions to reduce these (case: plastic crates instead of raffia baskets to transport tomatoes). Selected interventions were implemented, tested, and monitored in pilot projects with the workshop participants. This was followed by an evaluation workshop. At the end of the case study, 89% of participants bought crates to keep using them in their value chain. Our approach resulted in context-specific, locally owned interventions to reduce PHL in the case study on tomato value chains in Nigeria. Its application in other countries, commodities, or interventions is needed to determine the effectiveness of the approach in a broader scope.
Introduction
Feeding Africa's urban population is a task that is becoming ever more challenging. Currently, urban areas in Africa comprise of 472 million people. That number is expected to double over the next 25 years as more migrants are pushed into the cities from the countryside, with annual growth rates of up to 4% for the largest cities [1] . Good health and wellbeing, sustainable cities and communities, and responsible consumption and production are all relevant sustainable development goals (SDG) in this respect [2] . To ensure these SDGs are met, the provision of good-quality food in adequate quantities is of crucial importance. Much attention has been paid to the supply side of food by improving the yield and productivity of agricultural production. Less attention has been paid to the importance of optimal supply networks, which are the links between agricultural production and (urban) consumers. In such supply networks, a large amount of the food produced for human consumption is lost or solutions need a strong support base across the value chain as Nigerian tomato value chains are often informal and fragmented, and lead firms or value chain captains are lacking. This study's research aim was to develop an approach with which to design context-specific, locally owned interventions to reduce PHL. The remainder of this paper is structured as follows. In Section 2, we present the approach for designing and testing context-specific interventions to reduce PHL that are locally owned by all value chain actors. In Section 3, we present the results of the approach applied to the PHL in tomato value chains in Nigeria. Section 4 provides the discussion, and Section 5 the conclusions.
Materials and Methods
The approach for designing and testing context-specific interventions to reduce PHL, which are locally owned by all value chain actors ( Figure 1 ) was developed based on consultations with an international and local research team and actors in the tomato value chain in Nigeria. The approach is based on Participatory Development, which actively includes stakeholders in the decision-making process [10, 11] . In the approach, we applied Living Lab workshops [12] with a "World Café" setting [22] . The research team consisted of three Dutch, two Nigerian, and one Rwanda expert from development organizations with extensive experience in implementing solutions in developing countries, with three experts from Wageningen Economic Research with significant experience in value chain development and impact evaluation of such solutions, and three experts from Wageningen Food & Biobased Research on PHL. The research team was supported by local enumerators for translation and monitoring the pilot projects. Members of the research team were involved in developing all steps of the approach. The actors in the tomato value chain were involved in steps 4 to 9 of the approach. The approach consists of nine steps, which are described below. focus, and did not address the question on how to effectively test and embed suggested improvements in the value chain. Potential solutions need a strong support base across the value chain as Nigerian tomato value chains are often informal and fragmented, and lead firms or value chain captains are lacking. This study's research aim was to develop an approach with which to design context-specific, locally owned interventions to reduce PHL. The remainder of this paper is structured as follows. In Section 2, we present the approach for designing and testing context-specific interventions to reduce PHL that are locally owned by all value chain actors. In Section 3, we present the results of the approach applied to the PHL in tomato value chains in Nigeria. Section 4 provides the discussion, and Section 5 the conclusions.
The approach for designing and testing context-specific interventions to reduce PHL, which are locally owned by all value chain actors ( Figure 1 ) was developed based on consultations with an international and local research team and actors in the tomato value chain in Nigeria. The approach is based on Participatory Development, which actively includes stakeholders in the decision-making process [10, 11] . In the approach, we applied Living Lab workshops [12] with a "World Café" setting [22] . The research team consisted of three Dutch, two Nigerian, and one Rwanda expert from development organizations with extensive experience in implementing solutions in developing countries, with three experts from Wageningen Economic Research with significant experience in value chain development and impact evaluation of such solutions, and three experts from Wageningen Food & Biobased Research on PHL. The research team was supported by local enumerators for translation and monitoring the pilot projects. Members of the research team were involved in developing all steps of the approach. The actors in the tomato value chain were involved in steps 4 to 9 of the approach. The approach consists of nine steps, which are described below. 
Case Study Selection
In Step 1, the case studies to be analyzed are defined. The product(s) and geographical region(s) of production and consumption are selected for which improvements in PHL are potentially viable. To this end, a literature review and or expert knowledge can be used.
Scoping Background
Step 2 of the approach consists of gathering in-depth background information on the PHL in the selected case studies from key value chain actors (such as producers, transporters, processors, traders, and retailers), and key informants from the government and other relevant organizations, e.g., development organizations. For example, this can be done through a scoping survey and interviews among the stakeholders. It addresses the general characteristics of the value chain actors (gender, age, education, and production), the value chain and marketing characteristics (purchase and sale points, payment moment, bargaining power, customer relationship) and the potential causes for PHL related to shelf life, tomato yield, and transport efficiency. The appropriate selection strategy of participants depends on the context and envisioned scope. Ideally, a random sampling strategy is applied with representation of the diversity participants of various value chain stages, production tiers, i.e., small to commercial farmers, single-vehicle to fleet hauliers, and wholesalers to retailers to determine the status quo in the different areas.
Participant Identification and Selection
In Step 3 of the approach, a limited number of value chain actors are selected for participation in Living Lab workshops and pilot projects. Potential participants represent all actors active in the value chain. Again, the appropriate selection strategy of participants depends on the context, envisioned scope, and the project period and timing, but the selection should be based on three criteria:
(1) Participants are active actors actually working in the value chain in at least one of the activities, such as production, transportation, processing, trading, or retailing; (2) Participants are already trading with at least one other participant in the value chain; (3) Participants are willing to implement potential innovations to reduce PHL and are committed to participate for the entire project trial.
Value Chain Mapping Including Monetary and Information Flows
In Step 4, the participants map their own value chain, including monetary and information flows. To this end, the participants are brought together in a Living Lab workshop. Living Lab workshops are especially suited when network partners, together with end-users need to develop innovation processes to address specific challenges [23] . Involvement of value chain actors in the problem contextualization and innovation development process is critical for the development of sustainable innovation solutions [24, 25] . The Living Lab workshop also offers opportunities for informal contacts and thus helps to improve the bonds between the value chain actors. [26] . With Higgins and Klein [26] , we believe that inviting the respective parties to engage in the Living Lab's real-world experiment is a promising option because they can be more willing to overcome established attitudes and obstacles, as long as it is "only" in an experimental setting. As such, it may enable the establishment of forums and supportive environments for innovators which can otherwise be stuck in existing adversarial relations, hierarchies, and traditional practices. The experimental setting also encourages a critical attitude and searching for creative solutions. Moreover, the Living Lab itself can give a symbolic meaning to the process of facilitating broader collective action. The Lab can signal commitment, momentum of change, and the opportunity to act and take charge of developments that are critical for the development of the participating parties.
In the Living Lab workshop, participants are grouped in round tables, with each table containing actors from each part of the chain, effectively forming a platform to engage on the different aspects of the value chain. This Living Lab workshop follows a structured approach in three stages. Stage 1 of the Living Lab workshop is a feedback and validation session discussing the outcomes of the scoping survey. In Stage 2, the participants map the connections in, and product flows through their own supply chain. This involves free mapping to show connections in the supply chain as perceived by the stakeholders and identification of points of tomato losses (hotspots) in the supply chain scheme. Participants are asked to brainstorm and identify all possible stakeholders and relations. Some work out a linear map, others a network map, with less or more detail. This exercise is useful to visualize and identify the players and relations in the chain. The final map is visualized on paper.
After mapping the supply chain, a depiction of monetary and information flows in the supply chain is created (Stage 3). Participants are asked to identify different inflows and outflows (or processes) of money, information, and tomato operations at the levels of farmers, hauliers, traders, and retailers, as the illustration or precision of the relations between the stakeholders of the chain.
In Stage 3, the participants together identify the main bottlenecks in their chains, as well as possible solutions (based on the maps and information flows depicted in the previous stages). The participants start with a broad approach in which every actor identifies the main problems in the chain. The problems can vary from lack of quality inputs, to the state of the road, to the institutional environment.
Identification of Bottlenecks and Potential Solutions
In Step 5, the main bottlenecks causing PHL and potential solutions for these bottlenecks are identified. Each group of participants identifies bottlenecks in their own value chain, considering the value chain map, and monetary and information flows identified in the previous step. Then, each group identifies possible solutions for each identified bottleneck.
The bottlenecks and potential solutions are presented in tabular form, per value chain actor and per link of the value chain. This is followed by a plenary session in which each group presents their results to all other groups. After the plenary session, a so-called "World Café" [22] is organized, in which participants from each group, except a reporter, move to another group to observe and discuss the bottlenecks and solutions of the other group. The café's ambience allows for a more relaxed and open conversation to take place. This type of conversation is a creative process for leading collaborative dialogue, sharing knowledge, and creating possibilities for action in groups of all sizes [27] . The environment is set up like a café, with paper-covered round tables. Participants are provided with pens, paper, and stickers and are encouraged to draw and record their conversations on the paper tablecloths or other materials to capture free-flowing ideas as they emerge. Participants discuss the issue at hand around their table, and they move to a new table at regular intervals. One participant (the table host) remains and summarizes the previous conversation to the newly arrived participants. By moving participants around the room, the conversations at each table are cross-fertilized with ideas from other tables. At the end of the process, the main ideas are summarized in a plenary session, and follow-up possibilities are discussed [22, 27, 28] . Members of the groups can indicate their preferences on the worksheets with material like stickers, pencils, symbols (for example, applying green dots for preferred solutions). The other groups review the worksheet and can also indicate their preference (e.g., with a blue dot). Participants then reconvene at their original group to revise their own bottlenecks and solutions. This results in a final list of bottlenecks and potential solutions for each group.
Selection of Solutions with Good Potential
In Step 6, participants identify the most promising solutions for application in pilot projects. Out of all the potential solutions portrayed, each group identifies the two most important bottlenecks in their own value chain and the two most viable potential solutions for these bottlenecks, which they could commit to testing in a pilot project. The potential solutions should be guided by a set of SMART criteria-i.e., the solutions should be Specific (what is included/excluded in the activities), Measurable (what is the envisaged result: how to measure), Achievable/Attractive (achievable within the scope of the project, in potential self-sustainable, is the solution attractive, what is the role division), Realistic (can we do it given the constraints), and Time-Specific (within the available timeframe and with milestones set).
Next in the second "World Café" set-up, each group receives the selected bottleneck-intervention combinations of another group. Each group votes for which of these bottleneck-intervention combinations is the most feasible. At the end of this activity, all votes for each bottleneck-intervention combination are added. The combinations with the most votes from all the groups are then selected to be implemented in pilot projects. The number of bottleneck-intervention combinations selected for pilot projects cannot be too large, because the participants will have to implement these and too many pilots implemented simultaneously could negatively affect the implementation.
Preparation and Training Participants
In Step 7 of the approach, all preparatory actions for the pilot projects are performed. This includes logistics, permissions, and any other organization needed before implementation, as well as training of the participants of the workshop on the implementation of the selected interventions and training of enumerators for evaluation of the impact of the solutions. When all logistics, hardware, and permissions are ready, an official kick-off workshop of approximately two days is organized to prepare the pilot projects with the value chain actors and the research team. In this workshop, all risks and potential challenges in the implementation of the pilot projects are discussed and anticipated for as much as possible. The participants design the appropriate starting and ending dates, the planning, timelines, and requirements, and again, all commit fully to the implementation. It is important that all agree on the set-up and planning and that the process is highly participatory. All should be given the opportunity to express their ideas and doubts, which enables a constructive discussion and customized design before the official take-off.
Execution of Pilot Projects
In Step 8, the value chain actors put the proposed solutions in practice and the local research team monitor the results of the intervention. To overcome the initial errors, doubts, and hiccups encountered along the way, it is important to have a local representative of the team available to coach all participants during the implementation period. This person must be able to reach all participants, be aware of the planning of each value chain, and able to monitor the processes. To monitor the extent to which the intervention solves the bottlenecks, an intervention-specific monitoring tool must be developed, and a local monitoring team should be established.
Evaluation of Pilot Projects
In Step 9, the research team, together with all participants, evaluates each pilot project and identified bottlenecks for continuation and upscaling. A workshop is organized to discuss and validate the results of the monitoring tool and the participants' personal experiences. Besides, participants are also challenged to outline the basic features for continuation of the project that would benefit all the value chain actors.
Results

Case Study Selection
In this study, we selected tomato value chains delivering from two regions in Nigeria with a tomato cultivation tradition to consumers in the urban areas of Lagos and Ibadan. The first group of value chains runs from farms in the South-West (Oyo, Osun, Ondo, and Katsina states) to the Mile 12 market in Lagos or Sasa market in Ibadan, with distances from 95 to 305 km from farm to retailer. The second group of value chains runs from farms in the North (Kano and Kaduna states) to retailers in Lagos (Okomaiko, Agege, Iyana Ipaja markets), with distances from 1085 to 1316 km from farm to retailer. With regard to this study, the sites and value chains of interest were chosen mainly because:
•
The North-South value chain represents the highest volume of movement of tomatoes in the country, so it was important to understand dynamics there with regard to tomato losses and identify mitigation strategies; • The South-West value chain also represents a secondarily high-volume tomato value chain in the country and with proximity to the highest consumption area, therefore this study would potentially uncover different tomato loss drivers, which may also result in different loss mitigation strategies which could be just as effective.
Scoping Background
Scoping surveys were held with actors from the supply chains from both regions. In the South-West, actor-specific scoping surveys were conducted among 48 farmers, 44 transporters, and 48 traders/retailers.
The survey for traders/retailers was performed on the largest markets in the area, Sasa and Mile 12, which were the major end markets for the supply chain of tomatoes. In the North, the scoping surveys were conducted among 151 farmers, 89 transporters, and 109 traders/retailers.
Survey participants were randomly selected after the researchers had "followed the chain", which means that in an initial visit (prior to survey execution), the researchers had interviews with various actors in all parts of the supply chain in the areas of interest, e.g., the market (traders, retailers, wholesalers), farmer groups, and individual farmers who often supplied these markets (or supply other market actors), as well as hauliers who transported fresh produce (including tomatoes). These initial meetings enabled identification of the chain structure and networks, which enabled the research team to have access to participants who were later selected for the survey.
Simple random sampling and a structured questionnaire was employed as per [20, 29] . The main criteria for participants in the survey was that they had to be involved commercially in the tomato chain regardless of level-in other words, small, medium, or large-scale growers, traders, or hauliers had to be involved directly in growing, transporting, or selling the product.
Limitations in the sampling methodology are acknowledged, and this technique was chosen primarily to give the researchers insight into the status quo of the tomato value chain in Nigeria, which would be compared to the outcomes of similar, more in-depth studies, e.g., by the Growth and Employment in States-Wholesale and Retail sector project (GEMS4) [20, 29] . Similar to these studies, the data was analyzed using descriptive statistics, such as frequency counts and percentages. The software IBM SPSS Statistics version 17 (International Business Machines Corporation, New York, USA) was used for data analysis. Furthermore, validation of these results were to be done in a workshop setting where in-depth questions and discussions would allow the researchers more perspective into the different value chains. The workshop participants, as described in the next section, were not limited to scoping survey participants only. Table 1 provides the general characteristics of the survey respondents, Table 2 the chain and marketing characteristics of the tomato value chains of the respondents, and Table 3 the potential causes for PHL in these tomato value chains mentioned by the respondents. The majority of respondents were male, a member of an association (either producer, transporter, or trader), and used raffia baskets as packaging material. This is similar to the results reported by [20, 29] . The majority of transactions took place at the farm gate, collection centers, or markets. Poor infrastructure conditions, unsuitable tomato varieties, and poor postharvest handling were identified as critical drivers of PHL for farmers, and transporters were more concerned with poor infrastructure conditions, roadblocks, and poor postharvest handling. In both regions, limited postharvest infrastructure and unsuitable tomato varieties were identified as critical drivers of PHL for farmers, while traders were more concerned with poor transportation conditions. The challenges highlighted from these activities are consistent with earlier findings published by [19] . This served as an indication that the sampling method was effective enough to broadly capture the state of the tomato value chain in Nigeria, which was the aim of this step. 1 Multiple answers were possible, so the sum can exceed 100%.
Selection of Participants
Participants were selected from the value chain actors that participated in the scoping survey (for the simple random sampling strategy of the survey respondents, see Section 2.2). The following criteria were applied to select and invite the participants of the workshop (see also Section 2.3): (i) Participants are active actors actually working in the value chain in at least one of the activities, such as production, transportation, processing, trading, or retailing; (ii) participants are already trading with at least one other participant in the value chain; and (iii) participants are willing to implement potential innovations to reduce postharvest losses, and commit to participate for the entire project period.
In the North, 27 value chain actors (15 farmers, 4 transporters, 5 traders, 3 retailers) were selected, and in the South-West, 24 were selected (8 farmers, 4 transporters, 6 traders, 6 retailers). Budgetary constraints limited the number of participants and number of workshops.
Value Chain Mapping Including Monetary and Information Flows
Two Living Lab workshops were held, one in Ibadan (South-West) and one in Kano (North). Each workshop lasted for two days. The Living Lab workshops started with a plenary session, discussing and validating the outcomes of the scoping surveys. In both workshops, five groups of participants were established. Each group represented a value chain and contained at least one farmer, one transporter, one trader, and one retailer. Local enumerators were present to guide participants through the assignments and to assist and translate where needed.
In the South-West, two groups indicated that product flow was from producers to the traders via transporters, while one group specified that producers were directly connected with retailers and traders without transporters. Farmers in the South-West have more interaction with the end markets, and take their own produce to the market or bear the cost of transportation to the market. This could be related to the shorter distance between production and the market in the South-West (100-200 km) compared to the North (800-1,200 km). In contrast to the South-West, aggregation markets were present in the North.
Monetary and information flows were generally similar in the South-West and North. A difference is that farmers and traders in the South-West indicated to have more expenses compared to those in the North. This could be an actual reality, or it may be that farmers and traders in the South-West were more aware of their outgoing expenditures. Bribes to police or security officials was noted more frequently in the South-West value chain compared to the Northern value chain. With regard to information flows, it was evident that actors in the North were more active in sharing information on supply-demand variations in the market, i.e., glut-scarcity periods.
Identification of Bottlenecks and Potential Solutions
The main bottlenecks causing PHL were the occurrence of pests and diseases, low access to (quality) inputs, poor road infrastructure, inappropriate harvest and postharvest handling practices, and the seasonality of the production system. Access to good quality and unadulterated insecticides and quality control of this by the government were identified as solutions to prevent losses due to pests and diseases. Access to good quality seed from seed companies at an affordable cost and from an easy to access site to their communities were identified as a solution to prevent losses due to low access to (quality) inputs. As a specific problem, participants from the South-West mentioned the challenge caused by herdsmen moving their animals across tomato fields. In the North, a suggested solution for delivery delays was reduction of checkpoints on the road. However, the same actors also acknowledged insecurity as an issue and recommended increased police presence on the roads. In the North, participants identified bad harvesting practices as an important factor contributing to losses, with a recommendation for training on harvesting and handling of tomatoes on the farm to reduce losses. In the South-West, participants mentioned the hours of exposure which harvested tomatoes had to high temperatures while waiting for the transporter, as an important possible cause of PHL. Significant reduction in quality occurred during transportation, which attributed to the use of raffia baskets and which were often overloaded and squeezed during stowage, resulting in mechanical damage. A proposed solution to this was the use of plastic crates. The seasonal production with a glut period was identified in both regions as an issue, although on-site engagement with farmers showed that it was a more dominant challenge in the North. Participants in the North indicated that managing product flows during the glut and scarcity periods could be an opportunity for improving efficiency and reducing tomato loss in this chain.
Selection of Solutions with Good Potential
In each region, the participants mentioned and agreed upon two solutions to be tested in a pilot project by the participants. In this paper, we will only present the solution selected in both regions, which is sufficient to show the functioning of the approach. The solution agreed upon was the transport of tomatoes in returnable plastic crates instead of in the usual raffia baskets to reduce losses.
The solution not only had a 100% support base among the participants, but it also met the criteria of being specific, measurable, achievable (and affordable), realistic, and possible within the time boundaries of the project.
Preparation of Pilot Projects
The project team purchased the necessary materials and equipment, such as 600 plastic crates, and 15 analogue and 5 digital scales for weighing. A tool to measure and monitor the impact of the plastic crates on PHL both in weight and in quality was developed. Local enumerators were recruited for applying the measurement tool and monitoring the pilot projects during execution.
In each region, all participants and local enumerators were gathered in a two-day workshop to design and implement the plan for each solution, and to train the participants on the use of the solutions and on the tool to measure the impact of the solutions. In the South-West, 24 value chain actors and five local enumerators participated, and in the North, 27 value chain actors and four local enumerators took part. Per value chain and region, the participants designed an implementation plan which included a start and end date, responsibilities, tasks, and roles of each value chain actor, and the organization and logistics of the pilot project adapted to the local situation. Many issues and concerns were raised, such as the amount of tomatoes which were to be in a crate compared to the raffia baskets (as tomato amounts are measured in baskets), price-setting, the returning of crates, and payment for the transporter (payment per item carried). During the workshop, participants and local enumerators could familiarize themselves with the plastic crates, and they were provided with tomatoes, crates, baskets, and scales to understand how they should be comparing them to the raffia baskets in terms of handling, packing, weighing, and pricing. A draft version of the measurement tool was discussed with all participants and local enumerators and customized to ensure it was applicable to the local situation. For example, the quality grades in the measurement tool were aligned with the actual quality grades used in the value chain. In the South-West, three quality grades, A, B, and C, were used, whereas in the North, an additional grade, D was used. Points of weight measurement in the value chain were at the farm directly after harvest, at the farm just before transport, at arrival at the wholesale market, at the wholesale market just before leaving, and at arrival on the retail market. The tomatoes were only graded on quality at the first and last point of measurement to minimize disturbance. Batches of tomatoes were divided over crates and baskets and moved in the same transport vehicle to ensure similar conditions. The crates and baskets were marked at the farm, and these were followed in person throughout the value chain by the local enumerators. During the workshop, all participants and local enumerators received detailed training on the final measurement tool.
Execution of Pilot Projects
The pilot project on plastic crates in the South-West was conducted in December 2017 and in the North from February-March 2018. The plastic crates were tested compared to the conventional raffia baskets as a control. Tomatoes were collected from five farms in the South-West and three farms in the North on two separate days within a two-week period. Handling of the tomatoes was done as closely as possible to the normal situation in all links of the value chain. At farm level, tomatoes were sorted as usual by the farm workers during harvesting. Rotten or heavily damaged tomatoes were left on the field. After the enumerators weighed and graded the harvest, part of the harvested tomatoes were stacked in crates and the rest in baskets. It was ensured that quality grades were divided equally over crates and baskets. Any further preparation for the market until pickup by a transporter was done as usual. In some cases, the tomatoes were waiting for various hours. Before the actual loading took place, the tomatoes were weighed again to identify possible losses. The tomatoes were transported to the wholesale markets, in cars, small vans, and buses in the South-West and in large lorries in the North. At the market, the crates and raffia baskets were weighed again. In most cases, the tomatoes arrived around midnight at the market and were bought by the retailers in the early morning. Just before the retailers collected the tomatoes, they were weighed again to identify any possible weight loss. At arrival on the retail market, the tomatoes in both crates and baskets were weighed and graded using the same grades as used on the farm level.
Evaluation of Pilot Projects
Members of the project team analyzed the data collected with the measurement tool [30] . Crates were found to outperform baskets in both regions. Weight loss was between 5 and 12% lower with crates than with baskets. Similarly, the loss in best-quality A-grade tomatoes was between 16 and 20% lower with crates than with baskets. Here, we do not present further details on the PHL results that were measured in the pilot project, because the aim of this paper is to present the approach for designing context-specific interventions owned by local value chain actors. The details on the PHL results can be found in [30] . The results were discussed and presented in two-day evaluation workshops with the participating actors, one in the South-West and one in the North. All participants were invited to evaluate the pilot projects, and were guided with group assignments to facilitate the evaluation of their experiences and to ensure that all participants could express themselves. Value chain actors were also challenged to outline the basic components of a business plan that would benefit all the value chain actors.
All participants were happy to find the reduction in losses by using crates instead of baskets. Each value chain actor mentioned the benefits of crate use at each specific stage in the chain. Overall, retailers and traders stated a preference for tomatoes transported in crates compared to raffia baskets, because of the increased volume of quality products. Transporters appreciated the ease associated with loading and offloading crates, and it also meant that the wooden planks and grass thatch used to separate two layers of raffia baskets during transport were not needed anymore. Farmers appreciated the ease of postharvest handling and the stacking possibilities of crates. All participants mentioned that the introduction of plastic crates could also contribute to the standardization of measuring units and the introduction of scales-each crate had the same size and could contain around 23 kg of tomatoes. At the time, several types and sizes of baskets were being used, and weighing scales were not used. A large majority of participants (87%) preferred plastic crates to raffia baskets. Only 9% of participants preferred raffia baskets over plastic crates, and this was specifically for the greater level of convenience in returning from the retailer to the farm and stocking in a car. The remaining 4% of participants did not have a preference. After the evaluation pilot, the participants were provided the opportunity to purchase the plastic crates against half the price of a new crate. 67% of the participants bought the plastic crates they were using during the pilot, and 22% bought not only the crates used in the pilot but also some additional ones. This indicates a high adoption rate of the implemented intervention with plastic crates, and shows that it was a good fit for the local context.
In the final oral evaluation session, all participants expressed their appreciation of the approach applied. According to the participants, the design of the project helped them to overcome their initial skepticism, and to build trust in the innovation itself and in their co-value chain members. They were proud to be part of a community of change by acting and taking charge of an important developmental change.
However, the evaluation workshops also revealed several challenges and hiccups. The participants identified bottlenecks, which needed attention before upscaling could take place. Because of the current structure and organization of the value chain, not all actors could benefit equally. Retailers and traders had most of the financial gains. Most farmers did not benefit from the increased value of the tomatoes transported in crates, because pricing between farmer and trader occurred at the farm before transportation in the majority of cases. Transporters could even have a lower income, because they were paid per item and the transporter carried less items when transporting the larger and rigid crates compared to the smaller and more flexible baskets. Another challenge mentioned was the returning of the empty crates. In addition, no common agreement was reached on which actor(s) should purchase and own the crates and how this ownership could be protected. Crates are more expensive than baskets, but should last up to five years instead of one year. A final challenge was found in setting prices, because at the time, pricing was based on the size of a raffia basket and not on the weight of the content. The benefit of reduced losses was not totally reflected in a higher price when scales were not used, and price was set on the size of packing material.
Discussion
This paper presents an approach for designing context-specific interventions owned by local value chain actors. The approach was applied to develop an intervention to improve food security by reducing PHL in the tomato value chain in Nigeria. The approach considers contextual and cultural factors by actively involving value chain stakeholders working together to design an intervention.
This solved potential problems which can occur in top-down initiatives following a technical-rational project management approach, as put forward by Ika [7] and Robinson and Torvik [8] . Although many guides for value chain development include some value chain actor participation to design interventions, most guides result in interventions implemented largely independently of the specific context, due to insufficient co-creation, co-testing, and co-analyzing of potential interventions with value chain stakeholders [9] . Especially in a value chain such as the tomato value chain in Nigeria, with a low level of governance and fragmented, undifferentiated local markets, active participation is needed to reach sustainable interventions owned by value chain actors. Potential solutions are taken off the drawing board and trialed in practice, testing both the technical feasibility of potential interventions and how the interventions are embedded in the business models of existing value networks. As such, our approach ensures the support base, commitment, and ownership of participants, which are crucial conditions for sustainable and effective development interventions aiming at a certain change. The Living Lab and World Café which were set up also stimulated trust among and between the participants, i.e., trust in the intervention itself but also in their peers, which were the other actors in their value chain.
However, this approach also has its limitations; it is relatively resource-intensive in terms of financial and human resources, and the Living Lab and World Café only allowed for a limited number of participants. The whole approach is also time-consuming.
The results of the pilot projects in the case study in Nigeria showed that the PHL were lower for tomatoes transported in plastic crates compared to those transported in raffia baskets, and that the percentage of good-quality tomatoes was higher when transported in plastic crates than in baskets. In an experiment which simulated transport, [31] also found that the mechanical damage to tomatoes resulting from impact and vibration was lower when using plastic crates compared to when using raffia baskets. The majority of the pilot project participants were convinced of the benefits of using crates instead of baskets, and experienced actual financial gains when using crates. This indicates that the application of our approach to reduce PHL in tomato value chains in Nigeria resulted in context-specific interventions that were owned by the pilot project participants.
Our approach resulted in a context-specific intervention owned by the local value chain actors who participated in the pilot projects. Ownership of an intervention in a pilot project is a first step for improvement of the efficiency and effectiveness in all tomato value chains in Nigeria. The pilot project participants are only a small group of all actors active in the tomato sector in Nigeria, and tomato consumers were also not incorporated. Several challenges for a broader implementation of the plastic crates in tomato value chains in Nigeria were identified, alongside the following issues: (i) Investment in and ownership of the crates; (ii) an effective crate-returning system; (iii) distribution of the financial benefits between value chain actors; (iv) pricing of transactions in the value chain; and (v) lack of using scales and factual measures to define the price. When upscaling the pilot project in our case study to national Nigerian level, the increase in tomato availability and increase in quality requires a food system approach to analyze the national impact. This analysis should include the different roles and reactions to these increases in the different value chain actors, consumers of all income levels, and other stakeholders. At national level, new governance mechanisms might be needed in tomato value chains, such as producer, trader, or transporter networks or associations, chain leadership development, or third parties with sufficient financial and organizational strength for the acquisition and leasing of crates and weighing scales.
We developed the approach for context-specific, locally owned interventions to reduce PHL and applied it in a case study on reducing PHL in tomato value chains in Nigeria by introducing plastic crates to transport the tomatoes. In this case study, the purchase of the crates by the value chain participants in the study after the pilot projects showed that these stakeholders intended to use the crates after the project had finished. Application of the approach to reduce PHL in other countries or commodities or in other interventions to improve food and nutrition security is required to also determine its effectiveness in a broader scope of development projects.
Conclusions
This study provided an approach for designing, implementing, and testing context-specific interventions to reduce PHL with local value chain actors. In a Living Lab workshop with World Cafés, value chain actors together analyzed their own value chain and identified bottlenecks and potential interventions to solve each bottleneck. The most promising bottleneck intervention combination was tested in pilot projects, i.e., replacing the raffia baskets with plastic crates during tomato transport. The vast majority of pilot project participants in the case study of PHL in the tomato value chain in Nigeria indicated a preference of plastic crates to raffia baskets and bought crates after the project finished. This shows that the approach was effective in designing a context-specific, locally owned intervention. Application in other countries, commodities, or interventions is recommended to determine the effectiveness of the approach in a broader scope. 
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